The microbial residues, due to their closely connection with humic substances (HS), aroused our considerable interest. The method of shake-flask in liquid culture was adopt to accumulate them, in which the cellulose served as the sole C source. The microbial suspensions including Trichoderma viride (Tv), Aspergillus niger (An), Penicillium (P) and mixed strains (Ms) were inoculated into the cellulose culture fluid respectively. The incubation was performed for 70 days at a constant temperature of 28 ºC. The results showed that different microbial treatments had different effects on the C turnover in the cellulose fluid, among which Ms performed the most effective role in accumulating microbial residue and consuming organic C of cell metabolic product, Tv followed. As compared to cellulose, large amounts of inorganic N in the fluid could be transferred into the organic N components of residue. In the mean time, the proportion of aromatic rings could be increased at the cost of losing O-containing groups. Specifically, the degrees of condensation were enhanced by Tv and An, however their degrees of oxidation were inhibited. On the contrary, the P and Ms treatments had a significant advantage in the oxydative degradation of cellulose. Although some intermediate products (polysaccharides, phenolic compounds, carboxylic groups and syringyl units etc.) of HS could be detected in the microbial residues treated by Tv and An, their organic molecules did not still achieve the polymerization degree of real HS.
Introduction
Microbial residue represents a significant amount of soil organic matter (SOM) (Ding et al., 2013) . Organic matter is widely regarded as a vital component of a healthy soil, and it is very important in the movement of nutrients in the environment. Their basic structures are created from cellulose, tannin, cutin and lignin, along with other various proteins, lipids, and carbohydrates. As the most abundant biopolymer, the cellulose is a linear polymer glucan and is composed of glucose units (>10000) which are linked by ß-(1-4)-glycosidic bonds (Kögel-Knabner, 2002) . Large amounts of microbial residues are immediately formed after the addition of easily decomposable components such as cellulose (Vinten et al., 2002; Engelking et al., 2007a) . The microbial tissue can be divided into biomass and residues, in which non-biomass microbial residues are comprised of exo-enzymes, mucous substances, other microbial metabolites and dead tissue (Engelking et al., 2007b) . The addition of plant residue-derived substrates can make the microorganisms proliferate rapidly, and the rapid microbial growth is always coupled with concomitant microbial death (Chander and Joergensen, 2001) . In this process, C in plant residues can be assimilated into microbial biomass during their decomposition before incorporation into SOM in the form of microbial residues after cell death. The nonliving microbial residues were bound up with SOM pool and it can be related to SOM turnover (Ding et al., 2011) . As an important part of the stable C pool in soils, the microbial residues can be difficult to attain complete separation to exhibit their compositions and properties.
Humic substances (HS) are the main constituent of the organic carbon pool in soil (SOM) as well as in stained aquatic ecosystems. Although HS in liquids have different characteristics to HS in soils, such as aquatic HS being more aliphatic (McDonald et al., 2004) and having higher degree of oxidation (Duarte et al., 2007) , their chemical composition and structural characteristics appear to have many characteristics in common (McDonald et al., 2004) . A deep understanding of cellulose biodegradation in liquid cultures will be indirectly helpful to explore a part of formation process of HS in soils.
Cellulose and lignin in plant structural material are often thought to be likely sources of precursor material for HS synthesis. However, Burdon (2001) pointed out the humification could also occur in plants that did not contain lignin. We have reasons to believe that cellulose serves as a sole substrate can promote the formation of HS or their essential component. Moreover, the cellulose can be degraded by the cellulase secreted from Trichoderma and Aspergillus (Singh and Sharma, 2002) . It is concluded that no completely decomposed cellulose, we may call it leftovers, coupled with a lot of microbial debris, can constitute some indispensable precussor materials of HS formation, such as lipids and melanins which are quantitatively minor components of fungal cell walls (Kögel-Knabner, 2002) .
The microbial residues, due to their closely connection with HS, had not as yet been properly chemically defined (McDonald et al., 2004) , which could arouse our considerable interest. In view of difficulty in separating microbial residues from soil and their complexity, to explore their contribution to SOM based on different microbial species (three fungal species and mixed strains), the liquid pure culture had to be conducted, in the process cellulose served as a sole substrate.
Our objective was to evaluate how the different microbial treatments affected the compositions and properties of microbial residues accumulated in the cellulose-containing liquid media and their contribution to SOM. However, how this occured in the liquid solutions was less clear. The design allowed this to be explored. We would focus on the impact of different microbial treatments on the C cycling and hence the patterns of residues in fluids.
Material and Methods

Preparation of cellulose nutrient fluid and tested pure strains
The preparation of cellulose nutrient fluid adopt the modified Czapek Dox Agar medium, whose recipe is as follows:
The combination of 16S rRNA gene sequences and conventional approach was adopt for species identification. Based on a specialized strain information databases GeneBank (NCBI) and an available website called "EzTaxon", the identification results revealed that strains examined were Brevibacterium sp (Similarity degree reached 99.5%), Bacillus megaterium (100%), Streptosporangium sp (99.6%), Streptomyces sp (97.2%), Trichoderma viride (99%), Aspergillus niger and Penicillium, respectively.
The strains mentioned above were all isolated from a Luvic Phaeozem according to FAO/UNESCO that was collected from a field under monoculture maize at the experimental station of Jilin Agricultural University, Changchun, Jilin, China (E 125°23′45″, N 43°48′44″), which were maintained and further cultured on Beef Extract Peptone, improved Gause's and Potato Dextrose Agar (PDA) plates respectively and stored at 4 ºC.
Microbial suspensions preparation and experimental design
Firstly, the seven single microbial suspensions needed be prepared. The pure strains with their mycelium and adherent spores on agar plate were scraped down and washed into a sterile container under absolutely aseptic conditions. And then, the mixed suspension was prepared by the mixture of seven single suspensions in equal proportions.
The method of shake-flask liquid culture was conducted in a shaking incubator that was set at 200 r/min in a constant temperature environment (28°C) for 70 days (d). Every 250 ml Erlenmeyer flask with 100ml cellulose nutrient fluid, after an autoclaved process at 121°C for 20 min and being allowed to cool to room temperature, was inoculated 5 mL microbial suspension according to the specific requirements.
Five different microbial treatments were designed as:
(1) Trichoderma viride (Tv); (2) Aspergillus niger (An); (3) Penicillium (P); (4) Mixed strains (Ms) and (5) No strain (CK). The experiment was repeated twice, each time with six replicates per treatment. To ensure the total volume of culture flask, the regular weighing and moisture replenishment was necessary.
After a period of incubation time, the mixed medium in culture flask was centrifuged by 28620 g (12000 r/min) for 15 min. The supernatant liquor obtained was cell metabolic product and the precipitation was deemed as microbial residue. The microbial residue should be dried at 55 °C and stored in vacuum dryer for further analysis.
Elemental analysis
The C, H, and N contents of microbial residue were determined by Elementar Vario ELIII elemental analyzer (Shimadzu TOC-VCPH, Japan). The O+S content was calculated by the subtraction method.
FTIR spectroscopy
The FTIR spectra were recorded on pellets obtained by pressing a mixture of about 1 mg of microbial residue and 200 mg of KBr under reduced pressure using a Nicolet Nexus FTIR spectrophotometer equipped with Nicolet Omnic 6.0 software package. Spectra were acquired in the 4000-400 cm −1 range with 2 cm −1 resolution, and 64 scans were performed on each acquisition .
Statistical analysis
All statistical analyses were carried out using PASW Statistics 18.0. Multivariate (MANOVA) and oneway analysis of variance (ANOVA) were used in this experiment. The effects of two independent variables (microbial treatments and inoculation periods) on several dependent variables (Production rate, C/N, H/C and O/C) are examined simutaneously. A twoway design enables us to examine the joint effect of independent variables. Mean comparison was performed through Duncan's test, at p<0.05.
Results
Change of organic C content in microbial metabolites and the conversion rate of cellulose
As an available C source, addition of microbial suspensions could induce a true priming effect. The background contents of organic C in four microbial suspensions from Tv, An, P to Ms were 0.93, 0.72, 0.29 and 0.46 g L -1 respectively. After a period of incubation time, compared with CK, the losses of organic C in the cellulose fluid were detected due to the microbial utilization ( Figure 1 ). The declined process, which was analyzed in detail, could be divided into two stages: a) the first rapid stage (0-15 d) and b) the later slow stage (15-70 d). The proportion of loss in organic C of residue treated by Ms at 15 d was 71.02% of its total loss, Tv (42.91 %) and An (34.76%) followed, and the least value presented by P (32.88%). And then the contents of organic C experienced a continued slowdown until the end of culture. Finally, the order of losses in organic C contents of cell metabolic products was as follows: Ms>Tv>P>An.
The transformed efficiency of organic C in the cellulose fluid that we called conversion rate was indirectly related to the degradation capacities of different microbial strains. The results were shown in Figure 2 . In this process, Ms (34.97%) performed the most efficient conversion rate over the other three single fungal treatments (Tv 32.04%, P 27.18% and An 23.15%).
.. 
Production rates of microbial residues and their elemental compositions
As could be seen from Table 1 , with incubation time increasing (15-70 d), the production rates increased gradually. The residue from Tv treatment, whose production rate increased from 2.474% to 2.952% over a period of 70 d. Similar trends were observed in An (1.120%-1.172%), P (0.681%-1.061%) and Ms (1.180%-2.019%) treatments. Obviously, the production rate obtained in the Tv treatment was the most, Ms took the second place, and the least was found in P treatment. After a careful comparison, we found that the production rates obtained at 15 d could occupy an overwhelming majority of the results of 70 d. The proportions of that were Tv 83.80%, An 95.56%, P 64.18% and Ms 58.42%, respectively. It was inferred that the production rates obtained from An and Tv tend to be constant in the period of 15-70 d, and the treatments of Ms and P still keep a highly microbial activity and reproductive capacity in this period.
To further explore the compositions of microbial residues formed by three fungal species and mixed strains in the cellulose culture fluid, the elemental analysis was adopted, whose results were also shown in Table 1 . The C/N, H/C and O/C ratios of the microbial residue formed by Tv were all increased slightly, and then decreased remarkably, in the end there was a declined trend found in their ratios. And the incubation of An resulted in a gradual decrease of C/N and O/C ratios in its residue, but its H/C ratio experienced a process of increasing slightly and dropping significantly later. The P treatment was also helpful to reduce its C/N ratio of residue gradually, on the contrary, both of their H/C and O/C ratios were enhanced, although there was no remarkable difference during the period of 15-30 d. Under the same condition, the H/C and O/C ratios were enhanced in the residue treated by Ms, whereas its C/N ratio had a increasing trend despite existing a small fluctuation at 30 d.
Furthermore, compared with original cellulose, all the C/N, H/C and O/C ratios of microbial residues treated for 70 d by different microbial treatments were reduced significantly. The comparison among the microbial treatments told us the atomic ratios of C/N, H/C and O/C of microbial residue treated by Ms were all more than the other three single fungal treatments (Tv, An and P).
The percent of production rate, C/N, H/C and O/C ratios of microbial residues could be affected by microbial treatment, inoculation period and a microbial treatment × inoculation period interaction. To explore their correlation further, the repeated measures MANOVA was applied, the relevant parameters were listed in Table 2 and Table 3 . It was clear that the C/N, H/C and O/C ratios of microbial residues be affected by both microbial treatments and inoculation periods, with statistical significance (p<0.05).
In order to make clear the differences between microbial residue and humic fractions, we quoted the results of Suwannee River humic acid (SRHA) and fulvic acid (SRFA) standards from Duarte et al. (2007) . The cellulose and SRFA had a similar ratio of C/N. Moreover, all the microbial residues had much less C/N ratios but considerably more H/C and O/C ratios than SRHA and SRFA standards'.
. FTIR analysis of microbial residues
The FTIR spectra of different microbial residues were shown in Figure 3 -6, respectively. The FTIR spectra of residue formed by Tv was presented in Figure 3 and their absorption peak intensities were listed in Table 4 . An intense absorption peak at 3419 cm -1 (O-H stretching) primarily originated from cellulose. Two bands presented at 2926 and 2870 cm -1 were characteristic of aliphatic C-H stretching (Droussi et al., 2009) , the sum of their intensities had a downward trend. A shoulder peak at 1721 cm -1 attributed to C=O stretching of COOH (Chai et al., 2007) appeared gradually with culture. The intensity of absorption peak at 1639 cm -1 weakened gradually, which associated with structural vibrations of aromatic C=C and stretching of COO -groups. Table 2 . F values for % production rate and C/N, H/C, O/C ratio by the factors and interaction of inoculation period and microbial treatments 
Microbial treatment+ Inoculation period+ Inoculation period × Microbial treatment
The peak at 1061 cm -1 was characteristic of C-O stretching from carbohydrates (Droussi et al., 2009) or polysaccharide-like substances (Fu and Quan, 2006) , which could serve as a diagnostic approach of cellulose (Oliveira et al., 2009 ). The C-O stretching of phenolic groups and aryl esters could be detected at 1412 and 1251 cm −1 , respectively. The complexes of carboxylic acid and metal ion from the cellulose nutrient fluid might result in a peak appearing around 1380 cm -1 (Fu and Quan, 2006) .
There were some peaks with similar positions found in the residue treated by An (Figure 4) . The vibration strengths of three peaks at 3414, 1326 and 1061 cm -1 weakened first and then strengened until the end.
However, the three absorption peaks at 2925, 2864 and 1412 cm -1 experienced a just opposite process. However, the three absorption peaks at 2925, 2864 and 1412 cm -1 experienced a just opposite process. Moreover, the peaks at 1721, 1644 and 1251 cm -1 had a decreasing trend. Finally, the peak at 1721 cm -1 disappeared.
The main absorption peaks of residue treated by P were marked in Figure 5 . The changes of their relative intensities were as follows: the intensities of 3409, 2926, 2853 and 1263 cm −1 were gradually strengthened, and the peak at 1721 cm −1 tended to disappear. The variations of 1648, 1387, 1324 and 1057 cm −1 reflected a common rule: decreasing slightly and later increasing significantly. As was shown in Figure 6 , with the incubation of MS, the intensities of absorption peaks at 3427, 2924, 1630, 1326 and 1061 cm −1 were all declined sharply at first and then enhanced just slightly. The peak intensities of 2826 and 1721 cm −1 remained the initial state without obvious change. The absorption band at 1415 cm −1 (C-O stretching of phenolic groups) (Droussi et al., 2009) appeared to increase first and decrease later, whose overall trend was downward. The exactly opposite rule was abide by a peak at 1261 cm -1 .
In addition, the ratio of 2924/1630 was worthy of attention due to its role in evaluating the proportion of aliphatic C to aromatic C. There was a decline trend of 2924/1630 ratio, from 0.190 to 0.154, observed in the residue treated by Tv. And the ratio from the An treatment was enhanced a little (0.144-0.190) and dropped by a large margin (0.190-0.113). The changes of 2924/1630 ratios from the P and Ms treatments shown a similar rule: increasing rapidly and declining slightly, whose overall levels were enhanced. 
Discussion
Turnover of organic carbon
The turnover of organic C was closed primarily as a result of the action of cellulose-utilizing microorganisms present in terrestrial and aquatic ecosystems (Lynd et al., 2002) . The old system that cellulose serving as a sole C source was disrupted by the inoculation of different microbial suspensions containing a known amount of microbial biomass C. The microbial strains could become a powerful driving force for the conversion of organic C. During the incubation period (0-70 d), two major components were gradually formed in the new system: one was the cell metabolic product, the other was the microbial residue.
With the incubation proceeding, the amounts of microbial residues (Production rates were shown in Table 1 ) were all increased gradually, whose existences were more easily observable to the eye, simultaneously, the losses in organic C of cell metabolic products were significantly detected, especially Ms, whose capacity of decomposition could achieve 71.02% of total merely in the short term (15 d). There were two ways used to explain the loss of organic C in the metabolic product: one way was the releasing of CO 2 resulted from the microbial mineralization of cellulose, the other was the organic C conversion from the culture fluid into the microbial residues.
The degradation of microbial strains to cellulose in the fluid could make some intermediate products assimilated into microbial biomass while the other half was respired to form CO 2 (Bai et al., 2013) . The declined process of organic C in the cellulose fluid included two different phases, an initial rapid phase, in which easily available compounds were utilized, followed by a slower phase during which the more resistant fraction was decomposed. The utilization of water-soluble compounds in the first few days could provide the microbial strains more energy for releasing their enzymes (Marschner et al., 2011) .
The microbial species differed in metabolic capacity when decomposing a given compound. In the aspect of utilizing organic C of metabolic products, Ms containing three different microbial communities had an advantage over the other three single fungal species.
The possible reasons analyzed were as follows: Facing easily available compounds, the bacteria quickly dominate in the initial phase of decomposition due to their rapid reproduction rate, whereas the fungi grow more slowly than bacteria, but could decompose more recalcitrant material (Marschner et al., 2011) . The actinomycetes with multicellular filaments usually had a moderate degradation to cellulose, although their ability was not as well as that of fungi.
Therefore, a reasonable co-culture of different species could play an overall benefit on the degradation of cellulose (Ma et al., 2011) , and then provide a foundation for subsequent decomposition of compounds with more complex structures. However, among the three single fungal treatments, Tv had more capacity to compose the cellulose than the treatments of P and An in the liquid. Microbial strains with their own features and adsorption characteristics made the treatments of Tv and Ms accumulate much more amount of residues than An and P.
Compositions of microbial residues
To characterize the chemical properties of HS, the atomic ratios were often used. The H/C ratio was connected with the ratio of aliphatic/aromatic compounds (Chai et al., 2007) , and the degree of dehydration or oxidation of HS could be estimated from O/C value. To illustrate the similarities between microbial residues and HS, the atomic ratios were also applied to examine the properties of residues. The non-living microbial residues were bound up with HS formation and it could be also related to SOM turnover (Ding et al., 2011) .
The atomic C/N ratios (Table 1) for the microbial residues were, in general, much less than that of cellulose sample, thus suggesting a higher N-containing materials existed in the residues compared to those of cellulose. It was so easy to understand that a part of inorganic N in the culture fluid could be assimilated into the microbial biomass, indirectly enhancing the amount of N-containing materials in its residue (Shindo and Nishio, 2005) . The ability of utilizing inorganic N and synthesizing its own components of An in the fluid, by contrast, was the least. Compared with the cellulose, the H/C and O/C ratios of microbial residues were declined to varying degrees. It was indicated that the proportion of aromatic rings be enhanced at the cost of losing O-containing groups in the microbial residues.
The internal change from a single treatment with different inoculation periods should be carefully analyzed. Although the residue derived from Tv experienced a transient oxidation degradation process during the period of 15-30 d, its degree of condensation was finally enhanced, whereas the degree of oxidation was inhibited in the end. The C/N, H/C and O/C ratios of microbial residue treated by An had a downward trend during the incubation. That was because more condensed or substituted aromatic rings and N-containing materials emerged in the microbial residue, however a low proportion of O-alkyl and carboxylic acid functional groups was reserved. The gradual decrease of C/N ratio and slight increase of H/C and O/C ratios of the residue treated by P were explained that the amounts of N-containing (Large amounts of inorganic N were transferred into organic N components (Shindo and Nishio, 2005) ) and aliphatic compounds, O-containing groups were enhanced gradually the least. Compared with the cellulose, the H/C and O/C ratios of microbial residues were declined to varying degrees. It was indicated that the proportion of aromatic rings be enhanced at the cost of losing O-containing groups in the microbial residues.
The internal change from a single treatment with different inoculation periods should be carefully analyzed. Although the residue derived from Tv experienced a transient oxidation degradation process during the period of 15-30 d, its degree of condensation was finally enhanced, whereas the degree of oxidation was inhibited in the end. The C/N, H/C and O/C ratios of microbial residue treated by An had a downward trend during the incubation. That was because more condensed or substituted aromatic rings and N-containing materials emerged in the microbial residue, however a low proportion of O-alkyl and carboxylic acid functional groups was reserved. The gradual decrease of C/N ratio and slight increase of H/C and O/C ratios of the residue treated by P were explained that the amounts of N-containing (Large amounts of inorganic N were transferred into organic N components (Shindo and Nishio, 2005) ) and aliphatic compounds, O-containing groups were enhanced gradually cellulose. Furthermore, comparing with the referenced humic fractions (SRHA and SRFA standards), all the microbial residues originating from cellulose had more amounts of O-containing groups and N-containing compounds, whereas their molecules were not polymerized the degree of real HS.
FTIR spectra
The main component of cellulose included a variety of hydroxyl and amino groups, which could be detected in the microbial residue with a noticeably broad peak at about 3409-3427 cm -1 . Moreover, a characteristic peak at wave number of 1061 cm -1 in the spectrum was also found in the typical cellulose (Chen et al., 2013) . The above results showed that the microbial residue obained still retained some structural features of cellulose, whose reason was that the cellulose was not fully transformed, or to say, the residual cellulose entered into the microbial residue.
As could be seen in the Table 3 , the value of (a+b)/c could indirectly respond to the relative proportion of aliphatic C to aromatic C, which could be served as a good indicator of the degree of humification (Senesi et al., 1996) . The change of (a+b)/c values told us the aromatic compounds in the residues treated by Tv and An emerged an increasing overall trend, which was consistent with the rule reflected by their H/C ratios. Thus it could be seen that the incubations of Tv and An were helpful to enhance the recondensation of organic molecules obtained from the decomposition of cellulose.
On the contrary, the occurrence of degradation was confirmed by the gradually increased H/C ratios of residues treated by P and Ms. As expected, their values of (a+b)/c had a increasing overall trend, but there was a small peak appearing at 30 d. It was inferred that the amounts of aliphatic compounds reach their maximums after the culture of 30 d, and then a part of them could be degraded to CO 2 .
As one of the characteristic peaks, 1720 cm -1 assaigning to C=O stretching of COOH and ketones was merely found in the residues treated by Tv and An, actually their absorption intensions seemed rather weak. This allowed us to conclude that there was still a small number of differences existing in their structures between the microbial residues formed in the liquid and the real HS fractions, though the transformation of microbial residues into HS could be partly propelled by Tv and An.
The peak at 1057 or 1061 cm -1 was assigned to the C-O stretching vibration of carbohydrate structures. It was shown in the Table 3 that the vibration strengths of wave number at 1057 or 1061 cm -1 of residues treated by P and Ms were weaker than cellulose', but their intenses from the other two microbial treatments (Tv and An) were stronger. The similar rules were also found around a broad band of 3409-3427 cm -1 and 1412 cm -1 .
The oxydative degradation of residues treated by P and Ms, by rights, should have much more polysaccharides, which could strengthen the vibration intensity of the absorption peak at 1057 or 1061 cm -1
. But it conflicted with the experimental results. On this basis, we guessed that the polysaccharides in the residues were possibly utilized again by the surplus living strains from the P and Ms. Amino sugar was the key compound of microbial cell walls (Bai et al., 2013) , over 90% of which could be found in dead cells (Amelung et al., 2011) . A large number of dead microbes from Tv and An could contribute to the enhancement of polysaccharide-like substances.
As compared to cellulose, the hydrogen bonds of -OH vibration from the residues were enhanced by Tv and An. The free hydroxyl groups were the polar groups of noncrystalline molecular chain of cellulose. Their regular arrangement along the cellulose chain led to the formation of H-bridges and therefore to a fibrillar structure with crystalline properties (Kögel-Knabner, 2002) . Considered from this point, Tv and An were both helpful to the penetration of water solution into the noncrystalline region of residues, even could promote them dissolved slowly (Iyer et al., 1996; Laureano-Perez, 2005) . On the contrary, P and Ms were more beneficial to destroy the hydrogen bond from the intramolecular, intermolecular chains of residual crystalline region or between molecular chains and surface molecules, which could make the molecular structure of residue further collapsed and even be potentially vulnerable to degradation (Bayer and Lamed, 1992) .
The amounts of phenolic compounds were enhanced remarkably in the residues treated by Tv and An. It had been verified that the intensity of peak at around 1412 cm −1 be increased by the both treatments based on original cellulose.
Moreover, the change in the intensity of peak at around 1251 cm -1 suggested that nitration possibly occurred in the residues, which could affect their carboxylic groups. Those spectrum also exhibited a band at 1326 cm -1 , which was usually attributed to the ring breathing vibrations of the syringyl units (Santos and Duarte, 1998) . Although there were some micro-details detected, but these quantitative results could not convince us enough, at best, merely hint the existence of those ingredients.
Conclusions
The incorporation of microbial suspensions into the cellulose fluid could induce a true priming effect. In the process, the microbial residue was rapidly formed, with a graduel loss in organic C of cell metabolic product, among which Ms performed the most effective role, Tv followed.
As compared to cellulose, large amounts of inorganic N in the fluid could be transferred into the organic N components of residue. Simultaneously, the proportion of aromatic rings could be increased at the cost of losing O-containing groups. Specifically, the enhanced degrees of condensation happened in the residues treated by Tv and An, however their degrees of oxidation were inhibited. On the contrary, the P and Ms treatments had a significant advantage in the oxydative degradation of cellulose. Although some intermediate products of HS could be detected in the microbial residues treated by Tv and An, their organic molecules did not still achieve the polymerization degree of real HS. The non-living microbial residues were bound up with HS formation.
